Carbazole alkaloids induce apoptosis in HL-60 cells through activation of the caspase-9/caspase-3 pathway and they are targeted as potential anticancer agents. Thus, the naturally occurring carbazole alkaloids become important as precursors for lead optimization in drug development. A method based on ultra performance liquid chromatography coupled with photodiode-array detection was developed using reverse phase isocratic elution with 85:15 acetonitrile and ammonium acetate buffer (5 mM). Seven samples of Murrya koenigii (L.) Spreng. from north-central India (Uttar Pradesh) were analyzed. All three targeted analytes, koenimbidine (mk1), koenimbine (mk2) and mahanimbine (mk3), were well separated within 4.0 min with linearity of the calibration curves (r 2 > 0.999). The limits of detection and quantification of mk1, mk2 and mk3 were 0.7, 0.4, 0.04 µg/mL and 2.14, 1.21, 0.12 µg/mL, respectively. The natural abundance of mk1, mk2 and mk3 was 0.06 -0.20, 0.04 -0.69 and 0.13 -0.42%, w/w, respectively, in the dried powdered leaves, whereas, the tissue specific distribution of carbazole alkaloids was observed in the order of predominance, mk1 leaf>root>fruit>stem, mk2 fruit>leaf >stem>root, and mk3 fruit>leaf>root>stem. The developed method was validated for limits of detection and quantification, repeatability, accuracy, precision and stability. This is the first report on the natural abundance of the major carbazole alkaloids in M. koenigii and the method developed can be used in HPLC/UPLC systems.
Carbazole alkaloids, the major constituents of Murrya koenigii, have anti-proliferative, anti-obesity and lipid lowering effects. Some species of Murraya, Glycosmis and Clausena were reported as having carbazole alkaloids [1] . M. koenigii, family Rutaceae, is widely used in folk medicine and its isolated carbazole alkaloids have many biological activities [2, 3] , including pancreatic lipase inhibition by mahanimbine, koenimbine, koenigicine and clausazoline-K [4] . Bhutani and his co-workers demonstrated the pharmacological potential of mahanimbine to prevent obesity [5] . Ito et al. isolated ten carbazole alkaloids from M. koenigii and examined their effects on the growth of the human leukemia cell line HL-60 [6, 7] . Three carbazole alkaloids, mahanine, pyrayafoline-D and murrafoline-I, showed significant cytotoxicity against HL-60 cells. These alkaloids induced apoptosis in these cells through activation of the caspase-9/caspase-3 pathway, through mitochondrial dysfunction [7] . In the past decade, many scientific studies have been conducted on the chemical constituents of M. koenigii [7] [8] [9] [10] ; mahanimbine is one of the major bioactive components.
The pharmacological potential of carbazole alkaloids shows that they can play a role as precursors in lead optimization and drug discovery from natural products [2, 6] . Therefore, the quantitative estimation of these bioactive constituents in plant tissues becomes important for the economic isolation of such compounds. Quantitative estimation of mahanine and mahanimbine was recently reported in one sample collected from Tamil Nadu, India [11] . However, this is the first report on the natural abundance of carbazole alkaloids in M. koenigii, and the tissue specific distribution of three major bioactive compounds. These were simultaneously determined with acceptable performance of linearity, precision, repeatability and accuracy. The developed analytical method can be used for harvesting quality plant material and identification of koenimbidine (mk1), koenimbine (mk2) and mahanimbine (mk3) using HPLC/UPLC.
In the sample preparation, the extraction process plays an important role in the accuracy of the quantitative results. Hence, different solvents with a wide range of polarities were used to optimize the recovery of the targeted analytes. The yield of carbazole alkaloids during extraction was measured at intervals of 8, 18 and 28 hours. The dichloromethane (DCM) extract reached its maximum yield in 28 hours. On the other hand, methanol (MeOH) showed high-speed extraction efficiency of carbazole alkaloids, irrespective of time ( Figure 1 ). Hence, for quantitative analysis MeOH was used for extraction of carbazole alkaloids. An isocratic UPLC method was developed using a Thermo Accucore C18, 100 X 3 mm, 2.6 µ column. Simultaneous separation and optimization of peak shape in the case of mk1 (Log P: 3.49), mk2 (Log P: 3.61), and mk3 (Log P: 5.38) was difficult with isocratic chromatography. However, the chromatographic conditions were optimized using 85:15 (acetonitrile: 5 mM The filtrates obtained from extraction were injected into the LC through an autosampler and the peaks of the targeted analytes observed. The retention times of mk1, mk2 and mk3 were 1.15 ± 0.03, 1.33 ± 0.03 and 3.08 ± 0.03 min, respectively. The maximum absorption wavelengths of mk1, mk2 and mk3 were different, but all the targeted analytes showed an absorption band between 280-300 nm, which was used as the detection wavelength for all three compounds.
The stock solution containing the three analytes was prepared in methanol and diluted to the appropriate concentration ranges in order to plot calibration curves. The calibration curve of each individual standard was constructed using seven concentrations, and was based on linear regression analysis of the integrated peak areas (y) versus concentrations (x, μg/mL). The results demonstrated good linearity with the value of correlation coefficients higher than 0.999 for all the three analytes within the range of concentrations examined. The LODs (3.3*σ/S) and LOQs (10*σ/S) for mk1, mk2 and mk3 were 0.7, 0.4 and 0.04 µg/mL and 2.14, 1.21 and 0.12 µg /mL, respectively
The system suitability test was performed by calculating tailing factor and theoretical plates for analytes. Robustness of the analytical method was tested by deliberate change in flow rate, mobile phase composition and temperature of column. The data were tabulated in Table 1 . The results indicated that variations of these parameters do not affect the method significantly. The precision and accuracy were determined by analyzing six replicates at three different QC levels, i.e. 3.2(LQC), 12.8(MQC) and 48 (HQC) µg/mL on the same day for intra-day and for three consecutive days for inter-day variations. The method showed intraand inter-day precisions RSD between 0.15 to 1.86% and 0.42 to 3.2%, respectively. The autosampler stability of the samples was measured at 0 to 20 hours and observed RSD values varied from 0.16 and 1.24%, respectively. Under the established experimental conditions, the percentage recoveries of mk1, mk2 and mk3 measured at three levels varied from 99.3 to 100.9% with RSD ranging from 0.20 to 0.82%. The accuracy of the proposed method was found to be sufficient for the estimation of all three analytes in the samples.
The quantitative estimation of major carbazole alkaloids mk1, mk2 and mk3 were carried out in root, stem, leaf and fruit of M. koenigii ( Table 2 ). Tissue specific distribution of mk1 was in root 0.14, stem trace, leaf 0.2, fruit 0.06%, mk2 root 0.02, stem 0.04, leaf 0.18, fruit 0.29% and mk3 root 0.18, stem 0.06, leaf 0.36 and fruit 0.44%, w/w. Quantitative results (n= 6) are in mg g -1 . a Specimen number.
The results indicated that the renewable parts of the plant (leaves and fruits) contain major amounts of carbazole alkaloids and mk3 was highly abundant in all parts of the plant. However, the natural abundance of mk1, mk2 and mk3 was observed as 0.06 -0.2, 0.04 -0.69 and 0.13 -0.42%, w/w, respectively, in leaves collected from the north-central part of India (Uttar Pradesh).
Quantitative analysis of carbazole alkaloids
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The analysis was performed on a Thermo Accucore C18 100 X 3, 2.6 µ column by reverse phase isocratic elution at 0.5 mL/min, using 85:15 acetonitrile and ammonium acetate buffer (5 mM) as solvent system. One µL samples were injected into the LC flow by Acquity sample manager-FTN (autosampler). The PDA scan was set from 280 to 300 nm and the data acquisition speed was kept at 40 data points/sec. Data processing was carried out using QuanLynx V4.1 SCN 714 software.
Method validation:
The developed method was validated for limits of detection (LOD 3.3*σ/S) and quantification (LOQ 10*σ/S), repeatability (n = 6), accuracy (RSD < 2.0%), precision (RSD < 2.0%) and stability (autosampler) as per international conference on harmonization (ICH) guidelines [1996, 2005] . The precision and accuracy were determined by analyzing 6 replicates at 3 different QC levels, i.e. 3.2(LQC), 12.8(MQC) and 48 (HQC) µg/mL on the same day for intra-day and for 3 consecutive days for inter-day variations ( Table 3 ). The recovery studies were carried out through spiking standards to the samples at 3 different concentrations (Table 4 ). Autosampler stability of samples was measured at 0 to 20 h. The data are shown in Table 5 . 
